Many patients with edema of congestive cardiac failure, nephrosis, and cirrhosis become refractory to all diuretic therapy. Theoretically, the use ia adequate dosage of osmotic diuretics whose action is dependent upon physical factors should augment sodium, chloride, and water excretion from whatever level exists prior to their use. In refractory edema, the effect of other diuretics (via alteration of the imetabolie, actively resorbing mechanisms of the tubular cells) on tubular rejection of sodium, chloride, and water should be increased by osmotic diuretics. Mannitol was administered intravenously in large doses to test the effectiveness of osmotic diuretics in refractory edema.
OSMOTIC diuretics exert their action through physical rather than cellular metabolic effects.'-3 Osmotic diuretic action depends upon the presence of nonabsorbable particles within the isosmotic proximal tubule.
These nonabsorbable particles cause retention of water within the proximal tubule to maintain a constant total osmolar concentration of 310 mOsM. per Lj. As compared with the preosmotic diuretic baseline, the water that is so retained progressively dilutes the sodium in the fluid as it traverses the proximal tubule. Thus, an unchanged cell surface area containing the active metabolic sites for sodium resorption is exposed to a fluid of progressively lesser sodium concentration.' The absorbing sites being less saturated, less sodium particles are absorbed (despite unaltered avidity of the individual cell sites), and more sodium particles passed on distally. Within the proximal tubule the additional nonabsorbed sodium and accompanying anions behave as osmotic diuretic particles4 and retain water that also is passed on distally. In the distal convoluted tubule, absolute quantities absorbed, even when maximal, are small fractions of the increased total quantities presented and explain the inability of the distal tubule greatly to modify the nature of the fluid presented to it.1-3 Urine during such marked osmotic diuresis is similar to the fluid leaving the proximal tubule in total concentration, pH, and individual ion concentraFrom the Medical Service and the Medical Research Division, V.A.H., Hines, Ill. tions. During The weight losses were rough measures of edema loss. The cardiac failure of this patient was not secondarily aggravated by the accumulated peripheral edema. Mobilization and excretion of this edema, while relieving the patient of some discomfort, did not basically alter his state of cardiac decompensation. There was definite, increased pulmonary congestion and dyspnea during the mannitol infusions related to an increase in extracellular fluid and blood volumes. The rate of mannitol infusion was decreased as pulmonary congestion increased. Pulmonary congestion was decreased within an hour after discontintuation of mannitol infusion.
Ten days later, a third infusion of mannitol was attempted. Thirty minutes after tlie infusion was begun acute pulmonary edema occurred.
The mannitol infusion was stopped, usual measures were taken, and the pulmonary edema terminated. Eight hours later another episode of pulmonary edema occurred, did not respond to the usual therapy as had the numerous previous episodes of acute pulmonary edema and the patient died.
The second cardiac patient (case 3) treated with mannitol had coronary artery disease with refractory congestive failure. At rest, he had neither dyspnea nor findings of pulmonary congestion. Marked pitting edema of his lower extremities was present, which could not be mobilized. Table 1 total doses administered in cases 1 and 4.) The second nadir (D) occurred during the effect of the second Thiomerin injection after the plasma mannitol level had become lowered by excretion and utilization following cessation of the mannitol infusion. The third peak (E) occurred following the restarting of mannitol infusion while the effect of the second Thiomerin injection was still present. Thus, nadir B represents the diuretic effect primarily of mannitol, and nadir D represents the effect primarily of Thiomerin; whereas peaks A, C, and E each represent the combined effects of mannitol and Thiomerin. DISCUSSION These data demonstrate the effectiveness of an osmotic diuretic combined with a mercurial diuretic in treatment of refractory edema. In 1 nephrotic patient, mannitol with Thiomerin was effective and without adverse reactions. In 2 cardiac patients, as was predicted, the mannitol infusion caused pulmonary edema during the osmotic diuresis. In 1 cirrhotic patient, marked diuresis was followed by early signs of central nervous system symptoms of hepatic insufficiency. 
